ABSTRACT -Alicyclic molecular frameworks are useful for the study of electronic through-bond (TB) and through space (TS) interactions of functional groups over fixed distances and/or a specified number of C-C bonds. Steroids, being readily available, stable and stereochemically well-defined, are especially suited for such investigations. Indeed, their use in the study of the stereochemical aspects and the long-range effects of groups situated at specified distances from chemically reactive centers has been well documented over the last 20 years. Since steroids are compounds of considerable biological importance, their activity being dramatically dependent on construction, conformation and electronic structure, it is surprising that our knowledge of their electronic structure, whether by quantum chemistry or photoelectron (PE) spectroscopy, is so sparse. Having recorded the first PE spectra of steroids (refs. 1,2) we believe that such studies may resolve many problems concerning long-range intramolecular interaction since (i) PE spectroscopy is a gas phase method and its results pertain to the free molecule and (ii) steroids by virtue of their fixed geometry are unable to form intramolecular (head-to-tail) adducts in which both TB and TS effects might separately propagate. Indeed, one should expect the presence of TB interactions only. We report the PE spectra of several androstane derivatives and derive their electronic structure using empirical arguments and of quantum chemical, MNDO calculations. Emphasis is placed on the long range effects of a carbonyl group located at the biologically important 3-, 11-and 17-positions and the enhancement of these effects by interpolated, localized double bonds.The position and fine structure of the lowest energy PE bands and the shift of the a-onsets are the gauges used to estimate these effects. These long range effects seem to exert considerable influence on conformation, activity and, particularly , on fast intramolecular electron transfer (ET) such as has been observed recently in steroid solutions.
INTRODUCTION
Steroids are fascinating compounds, their biological activity being the most outstanding characteristic. They are classified as hormones, substances produced at one site in the organism but acting at another, different site. Unlike other hormones, which usually affect the cell membrane by an interaction with cyclic-AMP and , thereby, increase the supply of energy to the cell, the steroids, in some of their actions at least, bind to proteins, pass through the membrane and initiate an RNA synthesis which may substantially change the biological processes at both the cellular and organismal levels. Unfortunatelly, despite much ignorance about their actions, steroids are widely used, and misused, because many desirable effects are manifested rapidly whereas the deleterious side effects may remain latent for considerable periods.
The biological activity of steroids (refs. 3-5) is so varied that one must be surprised that such diversity is achieved by a relatively simple basic molecular structure which , by a negligible change of composition and/or conformation, yields dramatic changes of intensity and modes of action. Thus, the female and male hormones, progesterone and testosterone, differ in only one functional group (i.e. , OH vs. acetyl, respectively) in the 17-position. This basic skeleton, and hydrindane decaline the derivatives of each of which also exhibit biological activity. Once fused into the basic steroid structure , only two possible conformations are feasible, namely 5u-androstane 5P-androstane A "5u-steroid" contains a trans-fused A/B junction, while a "5p-steroid contains a cis-fused junction. The designations u and pare commonly used in ring system nomenclature, particularly in steroids and sugars, to indicate substituents that lie below and above the ring, respectively. The biologically-important substitution positions are 3-and 17-, and sometimes 1 1-. The orientation and position of the groups attached to the steroid ring system are important indicators of biological activity. For example, a ketone at C3, when associated with a double bond at C4, is an important structural feature of the biologically active corticosteroids. Reduction of the ketone at C3 leads to the formation of two isomers: one, 3p-hydroxy; the other, 3u-hydroxy. Saturation of the double bond also leads to the formation of two isomers: 5u and Biological activity is a consequence of the geometrical ( i.e.,composition, configuration , conformation) and electronic (i.e.,energy, electron distribution: static-"charge" and dynamic-"reactivity") structure of a molecule. Very little information about the electronic structure of steroids is available, perhaps because the quantum chemist is somewhat inhibited by the size of these molecules or by a dearth of experience with them. Indeed, most chemical research on steroids has been concerned with synthesis, analysis and transformations, and most chemists assumed that the basic steroid skeleton was merely an inert framework for functional groups which could be used advantagously to study cooperative substituent effects at distances fixed by that framework ( i.e., chemical properties such as nmr shifts, fragmentation patterns following electron bombardment, reaction mechanisms , etc). However, recent investigations of steroids and other saturated polycyclic hydrocarbons question the assumed inertness of the framework. For example, it has been shown that the interaction of substituents separated by as many as ten bonds is quite feasible. Indeed, such findings suggest that organic superconductivity might even occur in these compounds, leading to the supposition that "ribbon-like" MO's once constituted from CPporbitals aligned along the molecular axes, might produce electron transmitting properties. Certainly, such orbitals appear to be the HOMO'S of many large polycyclics. 
Combination then yields:
It is predicted that the rate will rise until such time as hs = -AGO, whereupon it will decrease and, in the process, exhibit an inverted region (refs. 7,8) . This Occurence has been documented for a number of acceptors in the 3-position of androstane, the 16-biphenylyl group acting as the donor (ref. 6). Several other workers have detected fast ET processes in other model systems (ref. 9). The mechanism may be supposed to be either an electron transfer from the HOMO of D through the LUMO of S to A or a hole transfer involving the intermediacy of the HOMO of S . Thus, assuming the validity of Koopmans' theorem (KT), PE spectra could provide important information, as also could quantum chemical calculations. Indeed, given the validity of KT , the two approaches are complementary , and one could be used to verify the other. However, quantum chemical calculations for molecules as large as the steroids are scarce and their predictive power is questionable. With this in mind, we have tried to interpret the PE spectra in a correlative format that starts with molecules and molecular building blocks whose electronic Structure and behavior to substitution is known (see, e.g., the composite molecule method; ref. 10). A combination of these three approaches, namely PE spectra, quantum chemical computations and correlative studies, should provide a reliable picture of the electronic structure of the steroids and the susceptibility of this electronic structure to substitution and conformational changes . As the MO method of choice, we have used the semiempirical MNDO method with geometry optimization, since it represents the limit of a computing effort which can be invested in the problem. (Quantum chemical calculations for such large molecules require enormous computer time and are subject to severe convergence problems).
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EXPERIMENTAL
The He1 PE spectra of 5u-androstane (1 ), 5a-androstan-%one (2), 5a-androstan-17-one ( 3 ) , 5u-androstane-3,17-dione (4), 5u-androstane-3,l 1 ,I 7-trione (5), androst-5-en-17-0ne (6), androst-Bene-3,17-dione (7), androstd-ene9,17dione (8) and androsta-l,4-diene-3,17-dione (9) yere recorded on a Vacuum Generators UV-G3 spectrometer (ref. 11) at 80, 130, 140,170, 180, 160,180, 180 and 180 C, respectively.The energy scale was calibrated by admitting Me1 and/or Ar and Xe to the sample flow. Some spectra also contained residual amounts of nitrogen. All compounds were of commercial origin ( Sigma Chemical Company), and of high purity. They were used without further purification.
CALCULATIONS
MNDO SCF MO were performed using the QCPE 464 (IBM MOPAC ) program (ref. 12) adapted for the Siemens 7.580 S (turbo version) at the Computing Center of the University of Dusseldorf. Full geometry optimization was obtained for 5u-androstane-3,l 1,174rione and for all unsaturated ketones. Single geometry calculations were performed for all other compounds. The starting geometry in all cases was assumed to consist of standard bond lengths and angles (rcc=l54 pm, rCH=108 pm, rco=l22.5 pm; ~CCC=109.5~, and 120.0°, <CCH=I 09S0, cCOC=l 20.0°), and crystalographic dihedral angles (ref. 13). The atomic coordinates, optimum geometries, obtained for 1 and for the carbon and oxygen atoms of 5 and 8 are given in Table 1 . The net atomic charges and dipole moments are also given in Table 1 for these same molecules. Table 1 . Atomic coordinates (in A) and dipole moments (ND) for 5a-androstane (l), 5a-androstane-3,11,17-trione (5) and 5a-androst-4-ene-3,lir-dione (8) : 
RESULTS AND DISCUSSION
Here we report, assign and compare the He1 PE spectra of 1 -5 (Fig. 2) as well as those of 6,8 and 9 (Fig. 4) . The expanded low-energy parts of the PE spectra for the three saturated ketones are given in Fig. 3 , those for the four unsaturated ketones are given in Fig. 5 . Both the full PE spectrum and the expanded low energy part of it for 7 are shown in Fig.6 . The numbers atop the observed band maxima represent vertical ionization energies Ei,v /eV.
Androstane is a 51 atom system with 108 valence electrons. Koopmans' theorem suggests that their He1 PE signals correspond to the ionizations from at least 25 different MO's. A similar conclusion pertains to the androstane derivatives. The questions now become: 1) What may one expect a PE spectrum of a saturated polycyclic hydrocarbon to look like? and 2) What should be the effect of replacing one (or several) of the CH2-groups by carbonyl-group(s)?
In searching for answers to those two questions, we are forced to constrain attention to the characteristics of a very few of the lowest energy bands (i.e., to the effect of removal of the very outer valence electrons). Some clues, fortunately, may be obtained by inspection of the spectra of the cyclic hydrocarbons, cyclohexane and adamantane, and their ketones (ref. 14; Fig. 7 ). These spectra indicate that the lowest-energy a-ionization, I@), of the hydrocarbon, which usually exhibits some fine structure, is shifted to higher energy and is "replaced" by a structured band system arising from the in-plane lone pair ionization, I(no), of the carbonyl oxygen. The shift of I(a) to higher energy is greater than 1.2 eV for the c 6 and approximately 0.9 eV per carbonyl group for the C~O compounds, indicating that it could well be -0.2-0.3 eV per carbonyl in a C1gampound. The reason for the shift lies primarily in the greater electronegativity of oxygen compared to carbon as can be demonstrated using, as an example, the ionization events of ethene, methanimine and formaldehyde (ref.15; Fig. 8) . Inspection of Fig. 8 indicates that the effect of nitrogen (-2eV) is just one half that of oxygen (-4eV) and that methyl substitution destabilizies I(o) more than l(nco). Thus, one may assume that, in large cyclic ketones , the (a) band will lie next to I(n0). We now discuss the consequences that arise from the presence of double bonds in the molecule. From the behavior Of unsaturated cyclic ketones, it can be expected that the l(ncc) event will lie next to (no), and that I( ncc) will become of even lower energy if these double bonds are "aromatic" (ref. 16). None of the carbonyl compounds reported here contain any aromatic ring , and it is expected that the lowest energy ionization(s) in them should correspond to I(n0) events. However, so far little or no PE results have been available for such big unsaturated ketones.
Another question concerns the degree to which aliphatic and/or alicyclic substituents might lower l(ncc), more than I(n0) in any of the monosubstituted compound. . Thus, even if a "noninteracting" keto group increases the lowest ionization event in hydrocarbons by -0.3 eV, this would still imply that, in very big unsaturated ketones, l(ncc)< I(n0) o r , at least, that both ionization events are of very similar energy. The extent to which calculations confirm the above qualitative reasoning, and to which they provide additional information on MO symmetries and on the type and extent of interactions as a function of substitution site is of considerable interest. The canonical orbital energies, eMNDo/eV, for the ten highest occupied MO's of the steroids are given in Table 2 . Consider, first, the saturated compounds. The energies, relative to experimental, are systematically off by about -1.5-2 eV (Fig. 9) . However, relative to the lowest energy events, there is both agreement and disagreement with the qualitative predictions. On the positive side, one finds :
-The two lowest Ip's of 1 are correctly predicted to be close in energy and well separated from ta cluster of events that follows at higher energy.
' -The I(a) shift for the ketones amounts to -0.2 to -0.3 eV per carbonyl group.
-The I(n0) event for 3 is correctly predicted to be of lower energy than I(n0) for 2.
-In saturated ketones, the lowest energy ionizations are always I(n0).
-All I(n0) events are calculated to be of too low energy, as shown by the dotted line in Fig. 9 .
-The location of l(5cco) is calculated to be much too high in energy (-20th MO).
-PE spectra indicate that the introduction of a double bond (especially in the 5-position) produces a large increase of I(a), a result that is contrary to calculation.
On the negative side, one finds:
In sum, a comparison of the PE spectra of unsaturated and saturated derivatives leads one to conclude that the introduction of a double bond has but little effect on the value of I(n0). However, it is not possible to say which of l(ncc) or l(n0) is the lower energy. Calculations always predict that I(nCC)<l(no). However, since examples are known ( e.g., the quinonoids; ref. 20) for which the calculation is wrong, this last conclusion must be viewed with cau!ion. We now turn to the symmetry properties and the types of interaction between atomic centres they permit. For this purpose, we choose such an orientation of the basic steroidal skeleton that is optimal for the display of the alignment of C2p and/or 02p orbitals relative to the molecular plane. Thus, the two HOMO'S of 1
correspond, according to MNDO results, to transversal (i.e. along the short axis, T-type) and longitudinal (along the long axis, L-type) ribbon-like MO's, respectively. Calculations predict that the highest electron population will occur on atoms of the middle rings B and C, and indicate that an interaction within these MO's will be most effectivelly disturbed by insertion of double bonds into these two rings. For 2 and 3, the following MO diagrams are obtained
L-type
EMNDo= -11.45 eV Each of the two highest MO's in 2 seems to be T-type, the influence of the oxygen lone pair on the first being localized at the A-ring, whereas the second MO is similar to the HOMO of 1 (i.e., no contribution from 02p) but with an electron density that is shifted somewhat towards ring C. The third orbital is found to be of L-type , to have some contribution from 02p and to possess maximum electron density on carbon atoms 8,9,10 and 14. The HOMO of 3, however, is of L-type, the dominant contributions coming from 02p and C2p AO's of atoms 13,16 and 17 so that this MO does not extend much beyond ring C. The diagram of the next MO is very similar to the T-type MO of 1, the electron density being shifted somewhat from ring D towards rings C, B and A. The third MO is of L-type, spreading mostly over rings A and B and having a small contribution from 02p. 
